The structure and rheology behaviour of gels produced by water dispersions of a vitamin C-derived surfactant (ascorbyl-6-O-dodecanoate) were investigated by means of SAXS and rheology experiments for the first time. The gel state is formed upon heating and is due to an anisotropic expansion of the tightly compact lamellar structure. The phase transition involves primarily the melting of the alkyl chains and a significant increment in the interlamellar water layer. In particular, our results show that in the gel the hydrophobic chains are in a liquid-like state, as in the core of a micelle, while the head groups release their acidic proton, become negatively charged and determine the onset of strong electrostatic interactions between facing lamellae. The full hydration of the anionic head groups and the uptake of a significant amount of water increase the interlamellar thickness and stabilise the gel structure. Rheology and SAXS measurements together provide an updated picture for the gel state. Moreover, for the first time we show the presence of a concentration threshold, above which the self-assembled aggregates interact more strongly and deplete some of the water that is retained in the interlamellar region.
Introduction
The size, shape and properties of self-assembled nanostructures depend on the nature and composition of the amphiphilic building blocks. In particular, the charge and the hydrogen bonding capacity of their head groups, the extension of the lipophilic tails, the peculiar stereochemistry and rigidity of the backbone are the main structural factors that lead to the formation and determine the performances of a nanoaggregate. External factors such as temperature, concentration and addition of cosolutes (strong electrolytes or neutral molecules) contribute in setting the phase behaviour. 1, 2 At the molecular and supramolecular levels, the construction of a nanostructure requires different kinds of non-covalent interactions that include van der Waals, hydrophobic, hydration, dipolar, and electrostatic forces. 2 Furthermore, the structure and functionalities of more complex nanoscaled biological systems such as biomembranes and cytoplasmic organelles are controlled by the same interactions. For this reason a deep study of surfactant-based self-assemblies is necessary in order to understand and control the nature and behaviour of higher hierarchical biostructures.
In previous works, we investigated the self-assembly properties of 6-O-ascorbyl-alkanoates in water and in organic solvents, and found that the structural features, hydration and phase behaviour of their nanostructures strictly depend on the peculiar properties of the ascorbic acid moiety: the presence of a quite rigid lactone ring, of a redox active group, of three hydroxyl groups that are available for hydrogen bonding and the presence of two stereogenic centres in positions 4 and 5 as depicted in Fig. 1 (see Borsacchi et al. 3 and references therein).
The self-assembly of ascorbyl-alkanoates in water has been studied through a variety of techniques, including conductivity, differential scanning calorimetry (DSC), surface tension, small angle X-ray scattering (SAXS), small-angle neutron scattering (SANS), cryo-transmission electron microscopy (cryo-TEM), and X-ray diffraction (XRD) experiments. In previous papers, we reported on the behaviour of single chained L-ascorbic acid esters (L-ASCn, where n refers to the number of carbons in the hydrocarbon chain) in water at different pH and in the presence of salts and other solutes. [3] [4] [5] More recently, we studied the self-assembly of a bolaamphiphile that carries two L-ascorbic acid moieties, 2 of a double chained derivative, 6 and of D-isoascorbic acid amphiphilic derivatives. 7 We found that changing the stereochemistry from L-ASC to D-isoASC brings about a significant variation in the hydration of the head groups, because of the different set of hydrogen bonding: L-ascorbic acid residues form several intermolecular bonds, while intramolecular interactions prevail in the D-isoascorbic moieties. This stereochemical feature determines different properties in the solid state and in solution. 7, 8 The phase behaviour of these surfactants' water dispersions include a transition from a coagel state to a gel phase that occurs upon heating and that is due to the collapse of the hydrated and tightly packed lamellar phase into a translucent, highly viscous phase, the gel, for n 4 10 (see Fig. 2 ). For n r 10 instead a clear liquid micellar dispersion is formed.
The transition temperature depends on the number of carbons in the lipophilic tail, and does not significantly change when the surfactant mass fraction ranges between 5% and 50%. In the coagel state the aliphatic tails are arranged in compact layers with interdigitated chains and a low degree of tilting, while a thin layer (about 1 nm) of strongly bound water molecules separates the hydrophilic regions of two adjacent lamellae. Optical microscopy under crossed polarizers and environmental scanning electron microscope (ESEM) micrographs show the presence of extended highly oriented structures, similar to a house of cards, like those found in smectic liquid crystals. 5 As temperature increases above the transition point, the hydrophobic tails melt, the bulk free water disappears, and the surfactant lamellar layers are separated by a thicker water pool, that is usually referred to as intermediate water. Such a scheme parallels that proposed by for aqueous dispersions of quaternary ammonium amphiphiles. 9 Although the occurrence and description of these phases are well-known and have been reported in several studies (see Borsacchi et al. 3 and references therein), the real meaning of terms such as gel and intermediate water need to be clarified. In a previous contribution we investigated the dynamic properties of the gel and coagel states, and the nature of the intermediate water, whose dynamic properties apparently derive from the merging between the strongly bound and the free bulk water molecules that are present in the coagel phase. 3 In this paper we address the structure and rheology properties of the gel phase produced by L-ascorbyl-dodecanoate (L-ASC12) in water, as a function of mass fraction and temperature. The results indicate that, upon heating, the compact lamellar fully interdigitated structure of the coagel collapses, the alkyl chains acquire liquid-like behaviour and the hydrophilic pool becomes much wider.
Experimental section

Synthesis of surfactant
L-ASC12 surfactant was synthesized according to the procedure reported in the literature. 10 Purity was controlled by TLC, elemental analysis and DSC.
Sample preparation
In order to obtain homogeneous samples, aqueous dispersions of L-ASC12 were treated according to a double annealing procedure. The first cycle was performed immediately after the mixing of L-ASC12 and water at 65 1C in a bath. In this step it is crucial to remove the air entrapped in the system. This feature is particularly important for the rheological measurements, in fact residual air bubbles could not be eliminated during the second annealing cycle, which is directly carried out on the rheometer plate according to the following sequence:
(1) isothermal treatment for 3 min at 60 1C (2) cooling from 60 1C to 10 1C in 5 min (3) heating from 10 1C to 60 1C in 5 min (4) isothermal treatment for 10 min at 60 1C (5) for the gel, cooling from 60 1C to the measurement temperature in 5 min, or for the coagel, cooling from 60 1C to 10 1C in 5 min and heating from 10 1C to the set measurement temperature in 5 min (6) isothermal treatment for 5 min at the set measurement temperature.
Steps #1 and #2 were repeated at least three times. As soon as the coagel turned into the gel phase, the vial was put in a refrigerator at 4 1C for the reverse transition to occur. The procedure was repeated at least five times until no air bubble could be detected by visual inspection. The specimen was then sealed and stored in the refrigerator for the following experiment. The efficacy of this method was verified through optical microscopy measurements. Fig. 3 shows two micrographs collected immediately after setting the coagel sample on the slide with a spatula (Fig. 3A) and after the annealing procedure carried out directly under the microscope (Fig. 3B ). This procedure was used to verify that after the annealing cycle the coagel structure was intact. We recall that the pH of the medium where the surfactant is dispersed does not affect its phase behaviour, at least between pH 2 and 7.4, therefore we used pure double distilled Millipore water as the solvent. 4 
Rheology measurements
All rheology tests were performed using a Physica-Paar UDS 200 rheometer, equipped with a plate-plate geometry measuring system (diameter of the upper plate 2.5 cm, measuring gap: 1 mm). Temperature was controlled with a Peltier device.
All the oscillatory measurements were performed within the linear viscoelastic range. In order to minimise the evaporation of water, silicone oil was applied to the rim of the samples. 
Optical microscopy
Inspections of coagel samples before and after shearing were conducted using a Nikon Diaphot 300 optical microscope equipped with a digital camera (Nikon Digital Sight DS-U1). The length of the crystals was measured by analysing the images with the software Inkscape 0.91. 11 The temperature of the sample was changed during the inspection using a Peltier device. The gel phases are isotropic, and no information could be obtained by observation under the microscope.
SAXS
SAXS measurements were carried out with a HECUS S3-MICRO camera (Kratky-type) equipped with a two position-sensitive detector (OED 50 M) containing 1024 channels of width 54 mm. CuK a radiation (wavelength l = 1.542 Å) was provided by an ultra-brilliant point micro-focus X-ray source (GENIX-Fox 3D, Xenocs, Grenoble), operating at a maximum power of 50 W (50 kV and 1 mA). The sample-to-detector distance was 281 mm.
The volume between the sample and the detector was kept under vacuum during the measurements to minimize scattering from the air. The Kratky camera was calibrated in the small angle region using silver behenate (d = 58.34 Å), 12 while lupolen (d = 4.12 Å and 3.8 Å) was used as a reference for the wide-angle region. SAXS curves were obtained in the scattering vector (q) range between 0.01 Å À1 and 0.54 Å À1 , where q = (4p/l)sin y, 2y
being the scattering angle. The WAXS region covered in the experiment was from 1.3 Å À1 to 1.9 Å À1 . Samples were placed into an open demountable cell (total sample thickness = 1 nm) using Nalophan s tape as windows. The temperature was set to 25 1C and controlled by a Peltier element, with an accuracy of AE0.1 1C. All scattering curves were corrected for the empty cell contribution considering the relative transmission factor. 2.5.1 Model for SAXS data fitting. The SAXS patterns in the gel state were fitted according to the approach proposed by Nallet et al., 13 by using the SasView 3.0.0 package. 14 The total SAXS intensity, I(q), was calculated taking into account the scattering length density of the C 11 hydrocarbon tail region (r tail ), of the head group region (r head ), and of the solvent (r H 2 O ) as well as the instrumental resolution of the SAXS apparatus (Dq) and the powder averaging. The scattering intensity is given by:
where A is a prefactor that takes into account the volume fraction of the sample and the fact that the data were not converted in absolute units, d 0 is the lamellar repeat spacing, P(q) is the form factor, S(q) the structure factor and background is the background noise. Considering the scattering length density distribution inside the lamellae, the form factor can be expressed as:
where Dr H (or Dr T ) is the difference between the head group (or the tail) and solvent scattering length densities. d H and d T are the head group thickness and the length of the hydrocarbon tail, respectively. The description of the lamellar distribution is depicted in Fig. 4 . An effective structure factor is combined with the form factor to take into account the modulation of the shape and the height of the Bragg peaks, the finite instrumental resolution and powder averaging proper of the sample:
N is an integer number representing the number of lamellar plates, Dq is the width of the instrumental resolution function as experimentally determined by the measurement of the direct Fig. 3 Optical micrographs of an aqueous dispersion of L-ASC12, w L-ASC12 = 30%. The images were collected before (A) and after (B) the annealing at 65 1C.
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X-ray beam. a(n) is the correlation function for the lamellae that directly depends on the Caillé parameter, Z cp :
where g E is the Euler's constant, K is the smectic bending elasticity, % B is the compression modulus, q 0 is the position of the first-order Bragg peak, k B the Boltzmann constant, and T the absolute temperature of the sample.
Due to the large number of parameters in eqn (1), some of them must be pre-determined and fixed during the fitting procedure. In particular, the lamellar spacing can be directly extracted from the first-order Bragg-peak position as d 0 = 2p/q 0 , Dq can be measured from the direct beam shape (0.00245 Å À1 ), and r tail and r H 2 O are calculated from the chemical formula and densities of undecane and water using the SLD calculator tool available in SasView 3.0.0 (at 20 1C r tail = 7.2 Â 10 À6 Å À2 and
14 Their temperature dependence was taken into account, although it is marginal. Moreover, a fixed value of 50 was chosen for N since a negligible change of the scattering intensity was found for values bigger than 30 (i.e. the N value cannot be determined by the SAXS experiment). Therefore there were only six free fitting parameters left: the prefactor A, the background, the tail and head contributions to the membrane thickness, d = d H + d T , the Caillé parameter, Z cp and the scattering length density of the head group, r head . The fittings were performed using the SasView program version 3.0.0. The growth of the coagel crystals occurs in one direction and the length of the crystals can be directly monitored from the optical micrographs collected at fixed time intervals (Fig. 6) . Then, by measuring the variation of the length of the needleshaped crystals, we obtained the degree of advancement of the reaction x, that describes the growth of the network structure as a function of time:
x ¼ lðtÞ À lð0Þ lð1Þ À lð0Þ
where l(t) is the length of the crystal at time t, l(0) is the initial length of the crystal and l(N) is the length of the crystal at the end of growth. The phenomenological Avrami-Erofee'v model (see eqn (7)) 15, 16 describes the kinetics of a crystallisation process at constant temperature:
where k is the rate constant and M is the exponent associated to the nucleation type and related to the dimensionality of the product phase, type of growth, and nucleation rate. In particular, M is related to the mechanism of the reaction through the coefficients P, Q, and S, according to the following equation:
where P = 1, 2, or 3 corresponds to fibers, sheets, or polygonal forms growth, respectively; S = 1 or 2 indicates phase boundary growth or diffusion of the component through a liquid phase, respectively. Finally, Q = 0 or 1 means no nucleation, or constant nucleation. 17, 18 Fig . S1 in the ESI, † shows the results of the linear leastsquares fitting of the plot ln[1 À ln(1 À x(t))] versus ln(t) that gives the kinetic parameters k (from the intercept) and M (from the slope). This relationship fits very well the experimental data. The average values obtained by following the growth of many crystals, are equal to 1.57 AE 0.04 and (2.43 AE 0.01) Â 10 À2 respectively. As suggested by the micrographs in Fig. 5 and 6, the crystals grow unidirectionally, therefore we set P equal to unity. Hence the only possible values for S and Q are 2 and 1, respectively. This set of (P, S, Q) values corresponds to a process driven by the diffusion of the gelator molecules into the liquid phase to the interface (S = 2), occurring at constant nucleation (Q = 1). Fig. 7 shows the SAXS pattern associated to a w L-ASC12 = 10% sample as the temperature is increased from 20 1C to 65 1C, across the coagel to gel transition temperature, which is around 46 1C to 47 1C. When the temperature is below 50 1C the SAXS patterns reveal a prominent peak around 0.164 Å À1 . This feature is associated to a lamellar arrangement of the hydrated solid with a total lattice spacing d 0 = 2p/q 0 = 6.28/0.164 Å E 38.1 Å. The extracted thickness is in agreement with an interdigitated, non-tilted packing of the hydrophobic chains as we found in previous studies. 19 A temperature increment above 50 1C results in a shift of the first order reflection towards lower q values and in a significant broadening of the peak. The peak at 0.164 Å À1 is replaced by a broad hump. All these changes indicate an increment in the amount of water confined in the hydration layer and thus a swelling of the lamellar structure. Remarkably, at 50 1C the coexistence of both the coagel and gel phases is shown by the presence of both the Bragg peak at 0.164 Å due to the coagel, and of the broad peak due to the gel phase (see also Fig. S2 in the ESI †). The SAXS patterns were modeled according to the approach proposed by Nallet et al. 13 (see Section 3.2), and the extracted parameters are listed in Table 1 . The model fits the SAXS curves for the gel state in the entire q-range of the experiment. Hence, the gel structure is a result of an anisotropic expansion of the tightly packed coagel, and can be depicted as a set of swollen lamellae where extra water is uptaken in the inter-lamellar region. In the case of the w L-ASC12 = 10% sample the total lamellar spacing increases from 38 Å to about 170 Å as temperature increases. The parameters d H and d T are about 12 Å and 7 Å respectively. The transition brings about also a dramatic increment in the thermal fluctuations of the system as the Caillé parameter raises from 0.08 to about 0.7 (a Caillé parameter equals to zero means no thermal fluctuation). 20 This result points out that the thickness of the hydrophilic layer increases slightly from 10 Å to 12 Å, with a small increment in the number of water molecules that solvate the head groups. However the most striking consequence is the significant reduction in the hydrophobic layer thickness, from 18 Å to 7 Å. This is in line with the description of the gel state with molten, tilted and loosened alkyl chains in the lipophilic portion. The very large hydrophilic pool then includes intermediate water molecules, where the term intermediate refers to their dynamic properties: in fact these molecules are neither restrained in their freedom of motion as strongly bound interfacial water, nor free to move as water in its standard liquid state at the same temperature. Table 1 . The curves before the transition (dark blue and light blue curves) show no difference in the coagel state and the lamellar spacing is about 38 Å. After the transition (red and green curves), the swollen lamellae in the two samples show very different spacing, passing from 170 Å for the w L-ASC12 = 10% sample to about 62 Å for the w L-ASC12 = 35% specimen. The thermal fluctuations are reduced both in the coagel and in the gel state as a consequence of the mass fraction increment.
SAXS
Rheology
In order to investigate the effect of the temperature on the viscosity of both gels and coagels, we collected several flow curves on a w L-ASC12 = 30% L-ASC12/water sample at different temperatures, below and above the coagel-to-gel transition temperature (see Fig. S3 in the ESI †). The Arrhenius model was used to determine the flow activation energy:
where Z 0 , A, E a , R and T are the zero shear stress viscosity (in Pa s), the pre-exponential factor (in Pa s), the flow activation energy (in J mol
À1
), the gas constant (8.31 J K À1 mol À1 ) and the absolute temperature (in K), respectively. The temperature ranges for the evaluation of the activation energies were determined by the thermal stability of the two phases and of the L-ASC12 that decomposes around 65 1C. The activation energy obtained from the Arrhenius plot decreases from (120 + 10) kJ mol À1 for the coagel to (23 + 4) kJ mol À1 for the gel. This change is due to the different structure of the gel. In fact, as suggested by the values listed in Table 1 , the gel possesses a less compact structure than the coagel, as the increment of the interlayer distance d 0 and of the bilayer flexibility expressed by the Caillé parameter Z cp clearly indicate. In passing we note that the value of E a for the L-ASC12/water gel is comparable to that obtained with primary amines in silicone oil. 21 Dynamic mechanical measurements were performed to explore the viscoelastic properties of the gels produced by L-ascorbyl-dodecanoate. Fig. S4 in the ESI, † shows the storage (G 0 ) and the loss component (G 00 ) of the complex modulus (G*)
as a function of frequency o at different L-ASC12 mass fractions. For all samples G 0 is always larger than G 00 in the investigated range of frequencies, without a crossover point between the shear moduli, a behavior that is typical of a gel system. Moreover, G 0 and G 00 are almost independent on the frequency. This result also indicates that the physical junctions in the network behave as permanent cross-links with long lifetimes, a behaviour that is typical of other self-assembled systems. 22 This behaviour shows that when the densely packed lamellar phase (the coagel) collapses upon heating, the sample behaves as a common gel according to the definition given by Almdal et al.:
23 a gel is a solid or semi solid material which consists of at least two components, one of which is a liquid and that is soft and resilient. The latter property means that the mechanical damping in the material is small, i.e.
the relevant frequency range, G 0 (o) being the storage shear modulus and G 00 (o) the loss shear modulus. Table 1 Fitting parameters for selected curves throughout the temperature series for the w L-ASC12 = 10% and w L-ASC12 = 35% L-ASC12/water samples (5) a Due to the presence of one reflection order in the coagel state only the total lattice spacing could be obtained. b Estimated from the fitting of the Bragg peak at 0.164 Å À1 and fixing all the other parameters. while above this value the slope increases dramatically. More work is necessary to fully describe and understand the nature of such concentration limit. Oscillatory temperature tests were performed in order to reproduce the coagel-to-gel transition temperature (T t ) under oscillating stress. Fig. 9 shows the trend of the T t values as a function of the L-ASC12 mass fraction. The coagel-to-gel transition temperatures, T t were taken at the onset of the slope variation. Two different regimes can be identified: for L-ASC12 mass fractions ranging below 25%, the T t value remains almost constant, between 40.5 1C and 42 1C; for higher mass fractions, T t values increase up to approximately 45 1C for the w L-ASC12 = 35% sample. These values are significantly smaller than those obtained through DSC reported in previous papers, 4, 24 due to the applied oscillating perturbation that promotes the coagel-to-gel transition. The data reported in Fig. 9 and Fig. S5 in the ESI, † indicate that once the L-ASC12 mass fraction reaches a value between 25% and 30%, a structural transition with a rapid increase of the strength of the network takes place. This is also confirmed by the SAXS data. As a matter of fact Table 1 suggests that upon increasing the L-ASC12 mass fraction from 10% to 35% for gel systems a significant decrease of both d 0 (from 170 Å to 62 Å) and Z cp (from 0.7 to 0.55) occurs. This effect may reflect the depletion of a substantial amount of water from the interlamellar region, due to the mechanical stress imparted by the oscillating plates.
Interestingly this phenomenon can be depicted as a partial transition from the gel to the coagel state, due to a concentration increment rather than to a cooling process.
The dependence of the G 0 modulus (measured at a frequency of 1 Hz) on the solute concentration for various systems at different viscosities is discussed in the literature in terms of a power law. 25 Fig . S6 (ESI †) shows the plot of G 0 versus the surfactant mass fraction in the logarithm scale. The data are well fitted by a linear regression with a slope of n = 2. According to the theory describing the behaviour of polymers in solution, this value suggests that the expansion of the L-ASC12 based network occurs through a percolation mechanism. 26 Finally, according to the Jones-Marques theory we can calculate the fractal dimension of the rheological units,
In our case n = 2 and therefore D F = 1. This result confirms what we already concluded from the optical microscopy observations (see Fig. 5 and 6 ) and from the Avrami fitting, i.e. that the system comprises monodimensional fibrils.
Thermodynamic analysis
The coagel-to-gel phase transition is associated to a measured enthalpy change DH trans that is usually described in terms of three contributions: the conformational and packing change of the alkyl chains (DH chain ), the release of the acidic proton (DH el ) and the hydration of the polar heads (DH hydr ): 27 DH trans = DH chain + DH el + DH hydr (10) The first two terms are endothermic while the latter is exothermic. 24 In the literature, DH chain is usually related to a partial melting of the hydrophobic tails but without any other more precise evaluation of the molten state of the chains in the gel state. In order to quantify the degree of fusion of the aliphatic chains during the coagel-to-gel phase transition we approximate the sum DH el + DH hydr , i.e. the overall enthalpic change related to all interactions between the surfactant's head groups and the surrounding aqueous medium, to the enthalpy of solvation of an L-ascorbic acid molecule, DH solv , that can be estimated as:
Here DH sol is the solution enthalpy and DH latt is the lattice enthalpy for L-ascorbic acid. respectively, from which we obtain DH solv E À2 kJ mol
À1
. The enthalpy change of melting DH m for pure L-ASC12 is 39 kJ mol À1 4 and the measured enthalpy change for the coagel-to-gel phase transition in a w L-ASC12 = 10% sample is DH trans = 37 kJ mol À1 . 24 If b indicates the percentage fraction of alkyl chains that melt during the coagel-to-gel phase transition, we have: (12) and substituting the given values we calculate that b is roughly equal to 1. This result suggests that during the phase transition the dodecyl chains melt almost completely, and that in the gel state the alkyl chains are in a liquid-like state, as in the core of a micellar aggregate. 1 In this simple description we do not disregard the fact that the solvation enthalpy of the ascorbic acid heads is probably lower than that of pure ascorbic acid molecules in water, because the pK a of the hydrophilic heads in the nanostructure is certainly greater than that of L-ascorbic acid in solution (3.36), 7, 30 and because water molecules cannot freely interact with the polar heads as they solvate an L-ascorbic acid moiety in a molecular solution. However, the main role in the entire coagel-to-gel transition is certainly played by the aliphatic chains rather than by the head groups. 33 suggesting that the conformational and packing changes of the hydrophobic portions in these different compounds play the major effect.
Conclusions
We investigated the structural features of coagels and gels produced by L-ascorbyl-dodecanoate (L-ASC12) in water by SAXS and rheology tests.
The results indicate that the formation of the gel phase brings about the collapse of the densely packed lamellar structure, with a melting of the alkyl chains, a significant reduction of the hydrophobic layer thickness, and a dramatic expansion of the interlamellar water compartment. As a result of the loosened structure, the thermal fluctuations in the gel state increase, as suggested by the Caillé parameter Z cp extracted from the SAXS profiles. Upon cooling, the more ordered coagel state is promptly reformed, with a narrower hydrophilic pool that contains only strongly bound water molecules around the polar head groups of the surfactants.
Rheology tests on the coagel and gel states confirm the less compact structure in the latter, as suggested by the reduced value of the activation energy. Dynamic mechanical experiments reveal the presence of a mass fraction value at about 30%, a threshold due to the onset of stronger interactions between the rheological units. Interestingly, SAXS and rheology experiments indicate that the increment in the L-ASC12 mass fraction from 10% to 35% for a gel system results in consistent lowering of both the lamellar spacing d 0 and of Z cp . We argue that such phenomenon is due to the depletion of water from the interlamellar region, imparted by the mechanical stress.
In conclusion, during the coagel-to-gel phase transition the hydrocarbon chains melt completely and acquire the conformational freedom typical of a liquid state, as in a micellar core. As a result, the hydrophobic layer in the gel becomes thinner and more disordered, resulting in turn in a greater distance between the surfactant's monomers. The ascorbic acid head groups release the proton, and get solvated by the water molecules. Since a net negative charge appears on the lamellar interface after the deprotonation of the head groups, the surfactants' bilayers are subject to a strong electrostatic repulsion and the intermediate water pool becomes much wider.
